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The search for lighter alloys which would reduce fuel consumption 
and hence the cost of air transportation has recently been focussed 
on the aluminum-lithium system. The addition of lithium to aluminum 
increases the yield strength by typically an order of magnitude, and 
with the further addition of a few tenths of a percent of zirconium, 
which increases the ductility, alloys of aluminum, lithium, copper and 
magnesium can be made to meet the necessary specifications of low density, 
high strength and high ductility for aircraft applications. 
Production of these alloys requires a precise heat treatment schedule 
in which the alloy is quenched from the high temperature solid solution 
phase (a) and then aged at an elevated temperature to produce the desired 
mechanical properties. We have investigated the relationship between 
the thermal history (i.e., quench rate, aging temperature and aging 
time) and various resulting material properties. In this way, it is 
anticipated that identification of certain measurable parameters, such 
as eddy current response and elastic modulus, which are sensitive to 
thermal treatment, will be possible. The measurement techniques, them-
selves, should ideally be easily utilized for noncontact NDE of material 
emerging from a production line. 
Binary Al-Li alloys have been used with compositions of 8 and 12 
atomic percent lithium. The specimens were chill cast and then mechani-
cally processed to homogenize the grain size throughout the material. 
After solid-solutioning, the alloys were then aged at between 150°C 
and 275°C for different lengths of time to produce the o' phase, Al3Li, 
which emerges as a fine precipitate within the aluminum matrix, and 
causes an increase in yield strength. Measurements were made of hardness 
and eddy current response to enable us to determine details of the thermal 
history in a similar way to the work of Chihoski [1,2]. 
OBJECTIVES 
The long term objective is to develop fieldable noncontact NDE 
methods, using, for example, eddy current and EMAT inspection systems, 
for determination of thermal history and mechanical properties of alu-
minum-lithium alloys. The immediate objective is to investigate the 
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effects of quench rate, annealing temperature and aging time on the 
eddy current response, hardness and elastic moduli, to determine whether 
such techniques are sensitive enough to changes in process variables 
for use as fieldable NDE methods. 
BACKGROUND 
Pure aluminum has too low a yield strength for extensive use as 
a constructional material in high stress environments. However, it 
can be strengthened by the addition of other metals such as copper or 
lithium [3]. When lithium is added to aluminum, small particles of 
Al3Li can be precipitated out from the solid solution matrix [4] and 
effectively block the motion of slip planes within the aluminum, thereby 
increasing the yield strength. The yield strength can be increased 
in this way by a factor of ten [3]. The precipitation of Al3Li also 
has the disadvantage of reducing the ductility, but this can be overcome 
by the addition of other metals such as zirconium [5,6] which is used 
in the commercial material to produce an alloy which meets the necessary 
specifications of low density, high strength and high ductility. 
The mechanical properties of the aluminum-lithium alloys are depen-
dent not only on their chemical composition, but also on their heat 
treatment and grain size. The alloy composition of most interest is 
Al-10 at% Li (Al-3 wt% Li), which at higher temperatures, in the range 
400-600°C consists of a solid solution called the a phase, as shown 
in Fig. 1. If the alloy is then slowly cooled to room temperature it 
forms a two phase equilibrium mixture of a with AlLi [7]. The bee AlLi, 
known as the 6 phase, is brittle and detrimental to the mechanical pro-
perties. of the alloys. However, this phase can be suppressed by quenching 
the alloy rapidly from its high temperature solid solution phase. This 
does not give the lithium atoms sufficient time to diffuse to produce 
regions with 1:1 atomic ratio with the aluminum. Instead, a metastable 
fcc phase Al3Li, known as the ~· phase is formed as a prec-ipitate in 
the aluminum matrix. This 6' phase increases the yield strength of 
the alloy. The quenching time is therefore crucial to the mechanical 
properties of the alloy because it will determine which phase precipi-
tates out from the solid solution. 
The alloy is subsequently aged at an elevated temperature between 
150°C and 275°C to cause further precipitation of solute to form a finely 
dispersed second phase. Fine precipitates of Al3Li give the best me-
chanical properties by ensuring that the slip barriers are distributed 
evenly throughout the matrix thereby improving the yield strength. 
Coarse precipitates are less beneficial. Prolonged aging caus~s the 
depletion of the cr' phase and the precipitation of the undesirable ~ 
phase, and consequently after extended aging, the hardness begins to 
decrease again after typically 8 to i2 hours aging at 175°C, as indicated 
by Christodolou, Struble, and Pickens [8]. 
The results of Chihoski [9] have shown that the heat treatment 
of the 2219 commercial alloy, that is quench rate and aging time, can 
be uniquely determined from a combination of electrical and mechanical 
measurements. Specifical1y, he measured electrical conductivity and 
hardness. Although these methods show the feasibility of determining 
the thermal history, they are not well suited to continuous monitoring 
of material from a production line. We have therefore investigated 
methods with potential for noncontact evaluation of materials which 
can be developed for on-line NDE. 
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Fig. 1. Phase diagram of the aluminum-lithium system. 
We have prepared a range of binary alloys of aluminum-lithium. 
Initial results revealed serious problems with inhomogeneity in grain 
size between the top and bottom of the chill cast rods. Mechanical 
deformation of the samples by 70% cold working was used to reduce and 
homogenize the grain size. Each of these alloys has been subjected 
to a number of different heat treatments. Specimens were rapidly quen-
ched from 430°C over a period of five seconds. They were then aged 
at temperatures in the range 150-275°C for various periods of up to 
33 hours, and in one instance, for 132 hours. 
Hardness and eddy current measurements were made after different 
aging times at temperatures of 150, 175, 200, and 275°C. Further meas-
urements of conductivity, elastic modulus, fracture toughness and yield 
strength are planned. The correlation between the desirable materials 
properties and the NDE measurements are being investigated. 
Results 
Inhomogeneities in grain size between the top and bottom of the 
chill cast rods were found as shown in Figs. 2 and 3. The grain sizes 
at the top were typically of dimension 2.5mm while those at the bottom 
were O.Smm. After 70% cold working the grain sizes were both reduced 
and homogenized as shown in Figs. 4 and 5 to about 0.2mm diameter. 
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Fig. 2. Micrograph of the top section of a rod of aluminum-lithium 
as cast. Grain diameters are typically 2.3mm. 
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Fig. 3. Micrograph of the bottom section of a rod of aluminum-lithium 
as cast. Grain diameters are typically 0.8mm diameter . 
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Fig. 4. Micrographs of the top section of a rod of aluminum-lithium 
after 70% cold working followed by a second solution heat treat-
ment. Grain diameters are typically 0.2mm. 
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Fig. 5. Micrographs of the top section of a rod of aluminum-lithium 
after 70% cold working followed by a second solution heat treat-
ment. Grain diameters are typically 0.2mm. 
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Results are shown which indicate variations in hardness with aging 
time for four different temperatures in Fig. 6. At 150°C there is a 
dramatic improvement in mechanical properties over the first few hours, 
due to the precipitation of Al3Li which inhibits the motion of slip 
planes within the bulk of the material. Beyond ten hours aging at 150°C, 
the hardness shows little or no improvement. At 175°C the hardness 
shows a rapid increase with time reaching a maximum value of 98 after 
20 hours. At 200°C, the hardness increases more rapidly over the first 
five hours, but does not reach the same peak value of 98 which was obtained 
at 175°C after 24 hours . Instead, the hardness rapidly reaches a saturation 
value of 68. Some differences were observed from one batch of specimens 
to another. The precipitation of Al3Li occurs more rapidly at 200°C 
than 150°C causing, at first, the very steep time dependence of hardness. 
However, the emergence of AlLi also proceeds more rapidly and beyond 
about 7 hours aging the coarsening of the Al3Li precipitates, together 
with the AlLi phase, counteracts the precipitation hardening which occurs 
during the first few hours, giving a lower hardness than was achieved 
at 150°C. At 275°C virtually no change in hardness was observed with 
aging over a period of 9 hours. 
Eddy current measurements revealed that the complex impedance plane 
response of the probe coil does change significantly with aging time. 
Variations of up to 8% in the reactance X were noted over aging periods 
of up to 24 hours, although the resistance R was found to be much less 
sensitive to variations in sample properties. Such changes in impedance 
plane response can be related to changes in conductivity of the specimen 
given suitable probe geometry; however, it must be remembered that the 
conductivity of the specimen is not necessarily simply related to R 
the resistance of the probe coil. Results of eddy current response 
against aging time are shown in Fig. 7. 
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Fig. 6. Variation of hardness with aging time for 8 at% Li. 
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Fig. 7. Variation of the complex component of the eddy current response 
with aging time. 
Conclusions and Future Work 
We are developing noncontact NDE methods for the evaluation of 
heat treatment and mechanical properties of aluminum-lithium alloys. 
We have investigated the effects of quench rate, annealing temperature 
and aging time on mechanical properties and eddy current response. 
At 150°C annealing temperature, the mechanical properties such as hardness 
change very rapidly at first due to the growth of precipitates of Al3Li. 
Over longer periods, greater than ten hours, there is no subsequent 
improvement. At lower temperatures the precipitation of Al3Li proceeds 
more slowly as shown by Christodolou et al. [8] and by Harris et al 
[5]. At 175°C we have observed the maximum hardness to date of 98 after 
twenty-four hours aging. At higher temperatures, precipitation of the 
AlLi phase, which impairs the mechanical properties, is more rapid, 
and the Al3Li precipitates also coarsen sooner, and consequently the 
hardness never reaches the same peak value. 
The electrical properties such as conductivity require longer aging 
times before changes are noticeable as was indicated by Chihoski [1]. 
Present results indicate changes in the complex impedance plane response 
occur after prolonged aging. These changes are mostly in the reactance 
~x, where variations of up to 8% were observed. Little change in the 
resistance ~R was observed. 
We intend to complete eddy current and hardness measurements on 
all available specimens, using 40 heat treatments of each of two composi-
tion, yielding 80 different microstructures. Tensile tests will be 
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performed to determine the elastic moduli. Noncontact EMAT techniques 
will also be used since these can easily be adapted for on-line quality 
control of these materials. 
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